Three independent strains of a rapidly growing, non-chromogenic member of the genus Mycobacterium were isolated from lymph nodes of French cattle. Identification of the isolates was carried out using a polyphasic approach. The nearly complete SSU rRNA gene sequences (.1200 bp) of the strains MLB-A23, MLB-A30 and MLB-A84 T were identical. A phylogenetic analysis of these unique SSU rRNA gene sequences showed that these strains were most closely related to Mycobacterium intermedium. Further phylogenetic analysis based on concatenated sequences (2854 bp) of four housekeeping genes (hsp65, rpoB, sodA and tuf), the transfermessenger RNA (tmRNA) and SSU rRNA genes indicated that these three strains represented a distinct species that shares a common ancestor with M. intermedium. Phylogenetic and phenotypic data strongly indicate that the strains MLB-A23, MLB-A30 and MLB-A84
Three independent strains of a rapidly growing, non-chromogenic member of the genus Mycobacterium were isolated from lymph nodes of French cattle. Identification of the isolates was carried out using a polyphasic approach. The nearly complete SSU rRNA gene sequences (.1200 bp) of the strains MLB-A23, MLB-A30 and MLB-A84 T were identical. A phylogenetic analysis of these unique SSU rRNA gene sequences showed that these strains were most closely related to Mycobacterium intermedium. Further phylogenetic analysis based on concatenated sequences (2854 bp) of four housekeeping genes (hsp65, rpoB, sodA and tuf), the transfermessenger RNA (tmRNA) and SSU rRNA genes indicated that these three strains represented a distinct species that shares a common ancestor with M. intermedium. Phylogenetic and phenotypic data strongly indicate that the strains MLB-A23, MLB-A30 and MLB-A84 T belong to a novel mycobacterial species for which the name Mycobacterium bourgelatii sp. nov. is proposed. The type strain is MLB-A84 T (5CIP 110557 T 5DSM 45746 T ).
Non-tuberculous mycobacteria (NTM) are environmental bacteria that live in water and soil. Both humans and animals can be infected by NTM from environmental sources, and several species are considered opportunistic pathogens (Tortoli, 2003 (Tortoli, , 2006 . The development of molecular methods and phylogenetic studies in the 1990s resulted in a large increase in the number of descriptions of novel bacterial species, especially novel NTM species, 61 of which were validly published between 2003 and 2012 (http://www.bacterio.net). In a previous unpublished investigation of 75 non-avium NTM isolated from French cattle, five epidemiologically unrelated strains belonged to a phylogenetic group that could not be assigned to a previously described species of the genus Mycobacterium according to the analysis of hsp65 partial sequences using BIBI software (http://umr5558-sud-str1.univ-lyon1.fr/lebibi/ lebibi.cgi). These isolates share a common ancestor with Mycobacterium intermedium, a species that has been poorly studied since its description (Meier et al., 1993) , is characterized by relatively few phylogenetically close relatives and is rarely recovered from clinical samples from humans and animals (Ito et al., 2005; Edson et al., 2006; Kik et al., 2010) .
Here, we characterize three of these five isolates using a polyphasic taxonomic approach. The strains, designated MLB-A23, MLB-A30 and MLB-A84 T , were obtained from bovine lymph nodes in 2008, 2009 and 2002 respectively. They were isolated from three different animals that belong to epidemiologically unrelated French cattle herds.
The strains were stored at 2196 u C and recovered by subculturing stocks onto Löwenstein-Jensen medium and incubating at 37 uC to perform analyses.
The isolates were examined over four weeks for pigmentation, colony morphology and the ability to grow on Löwenstein-Jensen slopes as well as 5 % sheep blood agar at various temperatures ranging from 20 to 45 uC, as previously described (Vincent et al., 2003; Schinsky et al., 2004) . Acid-alcohol-fastness was determined by ZiehlNeelsen staining. Biochemical tests included arylsulfatase activity at 3 and 14 days and catalase, urease and nitrate reductase activities and Tween-80 hydrolysis at 1, 5 and 10 days (Vincent et al., 2003) . We also inoculated API 20E strips (bioMérieux) as recommended by the manufacturer and incubated them for 7 days at 37 u C in a highly humidified atmosphere (Adékambi et al., 2006) .
The results of phenotypic investigations are detailed in the species description. Strains MLB-A23, MLB-A30 and MLB-A84 T were 'rapidly growing mycobacteria', developing colonies on Löwenstein-Jensen slopes within 5 days. The slow-growing character of M. intermedium as described by Meier et al. (1993) (14-21 days on Löwenstein-Jensen medium) was not confirmed in this study (6.5 days on Löwenstein-Jensen medium for M. intermedium CIP 104542 T ). In contrast to M. intermedium, strains MLB-A23, MLB-A30 and MLB-A84 T did not produce pigment either in the dark or after illumination (Meier et al., 1993) . Furthermore, the absence of urease activity distinguished these isolates from M. intermedium (Meier et al., 1993) .
Chemotaxonomic analyses were carried out on strain MLB-A84
T by the Identification Service of the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) (Braunschweig, Germany).
Determination of the mycolic acid structural types was performed using two-dimensional TLC of whole-cell methanol lysates. This technique, which has been previously described by Kirschner et al. (1992) , was slightly modified by using a degradation mixture composed of water-free methanol/toluene/concentrated H 2 SO 4 (2.5 : 2.5 : 0.1 ml). Strain MLB-A84
T contained three types of mycolic acids: a-, a9-and keto-mycolates (Types I, II and IV, respectively), a pattern shared with other species of the genus Mycobacterium, including M. intermedium (Magee & Ward, 2012) .
Total cellular fatty acid (CFA) methyl esters were prepared using the Microbial Identification System according to the manufacturer's instructions (MIDI, Microbial ID) and identified by gas chromatography (6890N gas chromatograph; Agilent) using version 6.1 of the MIDI Sherlock MIS software and the MYCO 6 database. CFA analysis of strain MLB-A84
T showed that the predominant cellular fatty acids were hexadecanoic (C 16 : 0 ) and oleic (C 18 : 1 v9c) acids (41.8 and 34.5 %, respectively). The other CFA detected were: C 12 : 0 (1.4 %), C 14 : 0 (3.6 %), 2-methyl C 14 : 0 (1.8 %), C 16 : 1 v6c (8.4 %), C 18 : 2 v6,9c (2.0 %), C 18 : 0 (3.4 %) fatty acids and tuberculostearic acid (10-methyl C 18 : 0 ) (3.2 %).
For initial molecular taxonomic investigations, a 1284 bp small subunit (SSU) rRNA gene sequence (corresponding to positions 65-1343 of the Mycobacterium tuberculosis H37Rv numbering system) was obtained from MLB-A30 and MLB-A84 T (1217 bp from MLB-A23), as previously described (Felske et al., 1996) . Chromatograms corresponding to the two strands of the three strains were compared using the Staden package (Staden et al., 2000) and edited to remove ambiguous bases. No differences were detected among the three sequences. The sequences were then compared with the GenBank/EMBL/DDBJ databases using the BLAST program (Camacho et al., 2009) . The first 30 SSU rRNA gene sequences identified by BLAST from type strains of species of the genus Mycobacterium (corresponding to sequences referenced in the 'List of Prokaryotic Names with Standing in Nomenclature' website; http://www.bacterio.net) were retrieved to carry out phylogenetic comparisons. The MUSCLE program (Edgar, 2004) was used for nucleotide sequence alignment. The alignment was verified using Seaview (Gouy et al., 2010) and corrected manually when necessary to ensure an accurate alignment before phylogenetic reconstruction.
All the 30 SSU rRNA gene sequences retrieved from BLAST were obtained from slowly growing mycobacterial type strains. Clearly, the strains MLB-A23, MLB-A30 and MLB-A84 T were genetically assigned to slowly growing mycobacteria. Comparison between SSU rRNA gene sequences from MLB-A84 T (HF674384), M. intermedium 1669/91 T (X67847) and M. tuberculosis H37Rv T (X58890) showed that M. intermedium 1669/91 T differed from MLB-A84 T by a 12 bp deletion corresponding to positions 459-470 of the Mycobacterium tuberculosis H37Rv numbering, which is a heterogeneity hotspot within helix H17 (positions 462-472 of the Escherichia coli K-12 numbering system) (Case et al., 2007) .
Phylogeny was inferred from the sequences by calculating the observed genetic distances using the neighbour-joining (NJ) method implemented in BioNJ (Gascuel, 1997) . Mycobacterium fallax was chosen as an external outgroup. The resulting tree topology was evaluated by bootstrap analysis on 1000 resamples.
According to the SSU rRNA gene phylogeny (Fig. 1) the proposed species from M. intermedium, the most closely related species.
For further phylogenetic investigations, a multigene sequencing approach was used according to the methods of Adékambi & Drancourt (2004) , Devulder et al. (2005) and Mignard & Flandrois (2008) . Double-strand partial sequences of the 65 kDa heat-shock protein gene (hsp655groEL2) (418 bp), b-subunit of RNA polymerase gene (rpoB) (423 bp), superoxide dismutase gene (sodA) (464 bp), elongation factor Tu gene (tuf) (716 bp) and the transfer-messenger RNA (tmRNA) gene (338 bp) were obtained as described elsewhere (Devulder et al., 2005; Mignard & Flandrois, 2007) . Partial SSU rRNA gene sequences, including hypervariable regions, were obtained from previously determined sequences (495 bp) (Devulder et al., 2005) . Sequences were obtained from the MLB-A23, MLB-A30 and MLB-A84 T strains, M. intermedium CIP 104542 T and 23 type strains of species of the genus Mycobacterium, including one representative species from each slow-growing mycobacterial cluster inferred from previous global phylogenetic study of the genus Mycobacterium (Mignard & Flandrois, 2008) . Gene sequences from the type strains of the two Mycobacterium fortuitum subspecies were used as external outgroups (Table S1 , available in IJSEM Online). The MUSCLE program was used to align the nucleotide sequences. The sequences from each strain were then concatenated (alignment length 2854 bp). For each gene and for the concatenated set, phylogenies were estimated by maximum-likelihood (ML) (Mignard & Flandrois, 2008) using PhyML (Guindon & Gascuel, 2003; Guindon et al., 2010) with the general time-reversible (GTR)
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Phylogenetic trees reconstructed from the concatemer and the six single-gene (hsp65, rpoB, sodA, tuf, tmRNA and SSU rRNA genes) sequences were all congruent (data not shown). The tree based on the concatenated gene sequences (Fig. 2) clearly shows that MLB-A23, MLB-A30 and MLB-A84 T cluster together and share a common ancestor with M. intermedium. This phylogenetic reconstruction is supported by a high bootstrap value, thus confirming that the three strains studied belong to an undescribed species of the genus Mycobacterium.
Intraspecific variability between sequences was observed within the hsp65, sodA and rpoB genes. The hsp65 gene in MLB-A84
T differed from the MLB-A23 and MLB-A30 sequences by 2 out of 418 bp (99.5 % similarity) and from the partial hsp65 sequence AF547847 from M. intermedium CIP 104542
T by 8 out of 418 bp ( 19-21 out of 431 bp (95.1-95.6 % similarity). The rpoB gene from MLB-A84 T differed from the MLB-A23 and MLB-A30 sequences by 5 and 1 bp out of 423 bp respectively (98.8 and 99.8 % similarity, respectively), and that of MLB-A23 differed from MLB-A30 by 4 bp out of 423 bp (99.0 % similarity). The rpoB gene from MLB-A84 T , MLB-A23 and MLB-A30 sequences differed from the partial rpoB sequence AY544929 from M. intermedium CIP 104542
T by 8-9 out of 395 bp (97.7-98 % similarity).
Phylogenetic investigations together with phenotypic traits, including the absence of pigment production, strongly support the conclusion that strains MLB-A23, MLB-A30 and MLB-A84 T belong to a distinct mycobacterial species, for which the name Mycobacterium bourgelatii is proposed. As well as its close relative M. intermedium, M. bourgelatii grouped phylogenetically, but not phenotypically, with slowly growing mycobacteria.
Description of Mycobacterium bourgelatii sp. nov.
Mycobacterium bourgelatii (bour.ge.la9ti.i. N.L. gen. masc. n. bourgelatii of Bourgelat) was named to honour Claude Bourgelat, the founder of the first veterinary school in the world at Lyon, France, for improving livestock health care.
Cells are Gram-stain-positive, partially acid-fast (30-80 %), pleomorphic, short rod-shaped bacilli. A rapidly growing mycobacterium, developing colonies on Löwenstein-Jensen slopes within 4 days and on 5 % sheep blood agar within 7 days at 20, 25, 30, 37 (optimum) and 42 u C. Ability to grow at 45 u C variable. Colonies are smooth, convex, round, shiny, moist, non-pigmented (beige) and approximately 1-2 mm in diameter. Non-photochromogenic. Aerial hyphae are not produced. Positive for arylsulfatase activity at 3 days and Tween 80 hydrolysis at 10 days. Thermostable catalase activity is exhibited. Negative for urease and nitrate reductase activities. DGlucose, D-mannitol and D-sorbose are not utilized. Cells contain a-, a9-and keto-mycolates. The predominant cellular fatty acids are hexadecanoic (C 16 : 0 ) and oleic (C 18 : 1 v9c) acids. Phylogenetically, the most closely related species is Mycobacterium intermedium. Identification can be performed by phylogenetic investigation of hsp65, rpoB, sodA, tuf, tmRNA or SSU rRNA gene partial sequences.
The type strain is MLB-A84 T (5CIP 110557 T 5DSM 45746 T ). Strains were isolated from bovine lymph nodes in France.
